Introduction
Secondary hyperparathyroidism (SHPT) is a very frequent complication in renal transplant recipients (RTRs). In fact, it is estimated that in about 30-50% of RTRs at one year after renal transplantation (RTx) serum parathyroid hormone (PTH) levels remain high [1] . Post-transplant persistent SHPT has been associated with a high bone turnover, responsible for bone mass loss and a higher risk of fracture [2, 3] , and progression of vascular calcification [4] . Furthermore, persistent SHPT in 10-40% of RTRs is associated with serum calcium levels at the upper normal limits or hypercalcemia, in particular during the first year of post-RTx [1, 5] . High serum calcium levels can contribute to a greater risk of calcification of the graft and to a reduced renal function [6] , as well as to reduced patient and graft survival [7] . The important consequences of persistent SHPT have persuaded many authors to take into account an earlier treatment of it, which is not done regularly yet [6, 7] .
In severe SHPT patients have to be submitted to parathyroidectomy, which currently is carried out in a 2-5% of RTRs [9] . Nevertheless, some of this treatment are burdened by the risk of side effects. In particular, the use of calcitriol in patients with chronic kidney disease stage 3-5 was associated with an increased risk of hypercalcemia and hyperphosphatemia [10, 11] , which may be responsible for an increased risk of vascular calcification and cardiovascular mortality [12] . Moreover, calcitriol treatment in RTRs was associated with a significant increase in urinary calcium, that if extended over time can be responsible for nephrocalcinosis [13] . The use of cinacalcet has been reported to be associated with a significant reduction of parathyroidectomy, unfortunately, in our country, the use of cinacalcet in RTRs is reserved for cases of hypercalcemia SHPT (sCa>10.5 mg/dl). Moreover, the use of cinacalcet may increase urinary calcium excretion which may cause nephrocalcinosis in the long term period followed by a worsening of renal function. [14] . Cinacalcet may potentially interfere with calcineurin inhibitors metabolism, which are the immunosuppressive drugs most frequently used in RTRs, this interaction appears to have minor clinical relevance, however, it is advisable to monitor renal function due to the observed decrease in renal function Open Access 2 [15] . Surgical parathyroidectomy should be indicated to selected patients and after a period of observation: at least 12 months after RTx [8] . In the early months, post-RTx medical therapy might be sufficient to control serum PTH levels because SHPT may resolve spontaneously, even though at unpredictable times [16] . Furthermore, surgical parathyroidectomy may be associated with worsening of renal function, and SHPT may recur from remaining gland tissue, even after so-called total parathyroidectomy [16, 17] .
Paricalcitol is a selective activator of vitamin D receptor that has demonstrated a significant improvement of SHPT in patients with chronic kidney disease while inducing less hypercalcemia and hyperphosphatemia than calcitriol, probably due to a reduced effect on intestinal absorption of calcium and phosphorus, this has made its use more manageable than that of calcitriol [18] . Paricalcitol was effective in the control of SHPT, both in stages 3-4 chronic kidney disease [19] , as in dialysis [20] . Paricalcitol has also proven effective in cases of SHPT resistant to treatment with calcitriol [21] , allowing a more rapid reduction in PTH levels with fewer hypercalcemic episodes [20] . The use of paricalcitol has also been associated with improved survival in dialysis patients [22] . To date, studies on paricalcitol in the treatment of secondary hyperparathyroidism in the RTx are quite different from each other, with regard to the inclusion criteria, PTH levels, paricalcitol doses and duration of the therapy [23] [24] [25] [26] . Therefore we wanted to evaluate the efficacy and safety of relatively low dose of paricalcitol in the long term treatment of SHPT in a group of RTRs.
Materials and Methods
In the period between January 2011 and December 2014, we enrolled consecutively 24 RTRs with SHPT as defined by K/DOQI guidelines [27] . The study lasted 24 months. Inclusion criteria for paricalcitol treatment were: SHPT diagnosed at least six months prior to study enter; adults (>18-years old); RTx age ≥ 12 months; absence of acute rejection episodes in the last 6 months; serum calcium<10.2 mg/dl; serum phosphorus<4.5 mg/dl; estimated glomerular filtration rate (eGFR), calculated with the formula CKD-EPI [28] , steadily>15 ml/min/1.73m 2 ; no concomitant therapy with bisphosphonates and/or vitamin D.
The primary study endpoint was the reduction of serum iPTH ≥ 50% from baseline. The secondary study endpoint was to maintain stable the eGFR during the study.
The initial dose of paricalcitol was determined based on the levels of serum calcium and PTH, the maximum dose was established in 1 µg day. When the serum calcium increased over the 10.5 mg/dl and the phosphorus over 4.5 mg/dl paricalcitol dosage was halved, if the serum calcium concentration exceeded 11.0 mg/dl the administration of paricalcitol was temporarily stopped. The dosage of paricalcitol was also revised if there was significant and sustained increased in fractional excretion of calcium (FECa>0.020%) [29] , even though serum calcium levels were normal.
The routine laboratory examinations included determination of eGFR, serum calcium and serum phosphorus every 6 weeks and that of the intact PTH (n.v. 9-63 pg/ml) and total alkaline phosphatase approximately every 3 months. Every 6 weeks in the 24-hour urine were quantified creatinine, calcium, phosphorus, and proteinuria. Urinary calcium was expressed as 24-hour calciuria and FECa, calculated by the formula (24-hour calciuria/serum calcium)/(24-hour creatinuria/serum creatinine) × 100. Urinary phosphate was expressed as 24-hour phosphaturia and fractional excretion of phosphate (FEPO 4 %), calculated by the formula (24-hour phosphaturia × serum creatinine)/(serum phosphorus × 24-hour creatinine) × 100. Proteinuria was expressed in g/24-hour. They were also regularly monitored for serum levels of cyclosporine and tacrolimus. Data are expressed as the mean ± standard deviation. The t-test for paired data was performed when appropriate. The correlation coefficients were calculated using the Pearson test. For all tests, P<0.05 were considered to be statistically significant. The statistical analysis was performed with SPSS (Statistical Package for Social Science, 11.0, 2003; SPSS Inc., Chicago, IL, USA). Table 1 shows the main baseline clinical features of the RTRs group. Baseline PTH levels were above two times the upper normal limits in 22/24 patients and between 80 and 120 pg/ml in the remaining 2 patients. Both FECa and FEPO 4 were on average high. According to guidelines KDOQI [27] , vitamin D levels were on average at the limits between insufficiency and deficiency. Proteinuria was on average less than 0.50 g/24-hour in most patients, resulting higher than 0.50 g/24-hour in just 6/24 of patients treated. The blood pressure was well controlled. Parathormone levels showed a rapid and significant reduction already during the first 6 months of therapy ( Table 2 ). The reduction trend was maintained throughout the observation period, becoming highly significant at 24 months, with a percentage reduction at 24 months baseline of 54% (Table 2 and Figure  1 ). The percentage reduction of PTH levels at follow-up was more than 50% in 18 patients out of 24. Patients in which the reduction of PTH levels at follow-up was less than 50%, when compared with patients who showed a reduction percentage of PTH levels>50%, were characterized before RTx by higher PTH levels (626 ± 719 pg/ml vs. 341 ± 145 pg/ml; P <0.01); higher levels of phosphorus (6.6 ± 0.6 mg/dl vs 4.9 ± 1.3 mg/ dl; P=NS); a greater use of cinacalcet and vitamin D receptor activators (43% vs 25%, and 71% vs 25%, respectively). Serum total alkaline phosphatase levels decreased significantly (Table 2) , in 5 patients with baseline alkaline phosphatase values above the normal ranges normalized. In the first 6 months of therapy, calcium levels showed a progressive increase without ever reaching statistical significance, after that the values stabilized ( Table 2) . Episodes of hypercalcemia, values>10.5 mg/ dl, which led to the reduction of the dose paricalcitol were a total of five, while those with serum calcium>11.0 mg/dl which required temporary stopped of paricalcitol administration were two. There was no drop-out during the follow-up. In the first three months of paricalcitol treatment, FECa showed an increase that did not reach statistical significance, not shown in the table, after that values decreased back to baseline values (Table 2 ). In eighteen laboratory measurements, the FECa showed such an increase that required an adjustment of the paricalcitol dosage. In some cases, the increase of the FECa preceded that of the serum calcium. The reduction of FEPO, although not statistically significant, recorded for almost the entire duration of the treatment with paricalcitol did not associate a significant increase in phosphoramide ( Table 2 ). The renal function remained unchanged throughout all the study period ( Table  2 ). Proteinuria showed a slight but no significant decrease (Table 2) . However, the reduction of proteinuria was more evident in the group of patients not treated with CNIs (n=5), from 0.54 ± 0.62 to 0.26 ± 0.07 g/24 h (P=NS), than in the group treated with CNIs (n=19), from 0.59 ± 0.62 to 0.40 ± 0.65 g/24 h (P=NS). This differential reduction of proteinuria was independent of the use of drugs that inhibit the renin-angiotensinaldosterone system (RAAS). During the study, there was no significant change of cyclosporine and tacrolimus serum levels that required the need to modify their dosages (Table 2) . No clinical side effects attributable to paricalcitol were observed, a temporary interruption occurred only in the presence of severe hypercalcemia, proving overall well tolerated. Also during the study period, there were no recorded episodes of acute rejection or deterioration of renal function. 
Results
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Discussion
In this prospective study, we have observed, over a sufficiently long period of 24 months, the effectiveness of paricalcitol in reducing PTH levels in a group of RTRs with stable renal function and with high levels of PTH during 6 months prior to enrollment in the study. In 76% of patients already 6 months after the beginning of paricalcitol therapy, PTH levels decreased>50% of baseline values. In 91% of the patients, 22/24, PTH levels were reduced to less than 120 pg/ml, representing twice of our high-normal range. These results occurred in the presence of modest changes in serum calcium and phosphorus, and urinary calcium. Significant reduction in PTH levels was achieved by using relatively low dosages of paricalcitol (1 µg/day or every other day). We can not rule out, though unlikely, that the reduction in PTH levels may be partly due to a spontaneous reduction in parathyroid activity that normally occurs within the first 12 or more months from RTx. In fact, all of our patients had a RTx age of ≥ 12 months. Tolerability and safety of the paricalcitol were good since cases of dose reduction or temporary interruption of its 9.4 ± 0.4 9.4 ± 0.5 9.7 ± 0.5* 9.7 ± 0.5* 9.7 ± 0.5* 9.6 ± 0.4 sPO4, mg/dl 2.8 ± 0.5 2.9 ± 0.5 3.2 ± 0.8 3.0 ± 0.7 3.0 ± 0.6 2.9 ± 0. Open Access 4 administration were always due to the finding of modest hypercalcemia or hypercalciuria. The secondary study endpoint was to evaluate the impact of paricalcitol treatment on renal function. The renal function remained stable during the whole duration of the study. Throughout the study, CNIs serum levels did not change significantly, and these did not require the need to adjust their dosage.
All studies, albeit of limited numbers, that evaluated the efficacy and safety of paricalcitol in the treatment of SHPT proved to be positive [23] [24] [25] [26] . However, their results are not easy to assess because the inclusion criteria were quite different. Particularly, in some of them, the treatment was started immediately after transplantation with PTH values slightly higher. Significant differences were seen with regard to paricalcitol doses used and to the duration of follow-up (in some cases only 6 months).
This has probably contributed to condition the effects of paricalcitol on PTH levels, and especially to determine the differences in the percentage of hypercalcemia and hypercalciuria episodes recorded. Especially hypercalcemia and hypercalciuria when protracted may be associated with adverse clinical consequences both for the transplanted kidney that for some outcomes of the patient [6, 7, 30] . In the study of Amer et al. [23] , for example, they recorded a significant increase in serum calcium and urinary calcium with a fair number of hypercalcemia and hypercalciuria episodes. In fact in this study, unlike what happened in the few other studies [24] [25] [26] , paricalcitol treatment was started at a fixed dose of 2 µg daily, just only three days after RTx and for PTH values even slightly above the upper normal limits. In this study, PTH levels in the treated group were reduced significantly, but a similar reduction, although less significant, was also recorded in the untreated control group. During the first year of post-RTx PTH levels can be significantly reduced even in the absence of therapies [1] , and it also has a significant reduction of bone turnover which only in part is attributable to the reduction in PTH levels [31] . Therefore, especially in the early stages of post RTx, it would seem appropriate to use the paricalcitol not at high doses, and particularly not in patients with PTH values that are slightly above the high-normal range, as it was done in the majority of studies that have evaluated the impact of paricalcitol treatment in the SHPT of post RTx [24] [25] [26] . The use of high doses of paricalcitol exposes not only to the risk of hypercalcemia [23, 26] but also to the development of adynamic bone disease [32] . The dosage employed is not of secondary importance, in fact 40% of patients with RTx treated with calcitriol at a dose 0.25 µg day, the equivalent of 1 µg of paricalcitol day [33] , developed a bone histomorphometric pattern a dynamic like [32] . Nowadays there are no studies in RTRs that have assessed bone turnover during therapy with paricalcitol. However, in the study of Trillini et al. [26] the control of SHPT was associated with a decrease in serum levels of some biomarkers of bone formation and resorption, deemed useful in monitoring bone turnover. This picture may suggest a reduction of elevated bone turnover that characterizes the SHPT in the 25%-50% of RTRs [34] . In our patients, we observed a significant reduction of total alkaline phosphatase serum levels, and it is known that its increase, when combined with that of the PTH levels is almost always associated with the presence of a high turnover bone disease [35] . From the above, it can be deduced that the low number of hypercalcemic episodes reported in our study was due to several reasons. First of all, we used low doses of paricalcitol, monitoring its dosage by measuring not only serum calcium but also urinary calcium. In fact, the increase of calciuria often precedes that of the serum calcium [36] . The second reason is that we treated only RTRs with high PTH levels associated with alkaline phosphatase values high or in the high normal range, this combination very often exclude an underlying bone disorder like adynamic bone disease [35] , which is one of the most frequent causes of hypercalcemia especially in the presence of vitamin D receptor activators [37] . The use of paricalcitol in patients with stage 3-4 CKD was associated with a reduction of the renal function evaluated by eGFR [38] . However, these results have not been confirmed when glomerular filtration rate was measured directly using techniques such as the clearance of inulin or iothalamate [23] . In our study renal function was assessed by determination of serum creatinine levels and of the eGFR values, calculated by the CKD-EPI formula [28] , and it did not change throughout the entire duration of the study. Although measurement of renal function by eGFR formula is not an accurate method than the one measured by radioisotopic filtration markers, it has been demonstrated that eGFR estimated by CKD-EPI formula is quite close to the glomerular filtration rate measured with 125 I-iothalamate [39] .
The usefulness of CNIs in preventing rejection of transplanted organ is widely confirmed. However, their use is limited by their potential nephrotoxicity. The cyclosporine kidney injury is mainly characterized by arteriolar hyalinosis, tubular atrophy, interstitial fibrosis and glomerulosclerosis [40] . The rate of CNIs nephrotoxicity is quite variable in literature, but it is very frequent. In a study of 120 kidneypancreas transplant recipients, after 10 years of calcineurin inhibition nephrotoxicity was almost universal, even in grafts with excellent early histologic findings [41] . Tubulointerstitial and glomerular damage, once established, was irreversible, resulting in declining renal function and graft failure. Experimental works have shown that the use of paricalcitol is able to reduce the inflammatory and profibrotic effects induced by the use of cyclosporine [42] . There are experimental, but non-clinical studies, demonstrating the efficacy of paricalcitol in reducing nephrotoxicity of CNIs. Although our study was not designed to assess the protective role of paricalcitol in CNIs nephrotoxicity our data could be considered positive. Indeed, in the follow-up, the stability of renal function was associated with a slight reduction of proteinuria in proteinuric patients and not the appearance of proteinuria in proteinuria-free patients. Even though our study lasted only 24 months, in RTRs treated with cyclosporine we did not notice any changes in renal function and proteinuria that remained stable throughout the study. In RTRs treated with cyclosporine during the study, there were no changes of blood pressure values, of proteinuria, and of the number of patients treated with renin-angiotensin blockers or their dosage. On the contrary in RTRs not treated with cyclosporine, there was a reduction of proteinuria, but not statistically significant. Finally, it is not well known whether paricalcitol may interfere with the metabolism of CNIs influencing their serum levels. In our experience, we did not record any change in the serum levels of CNIs which lead to the need for adjustment of their doses.
Our study has some limitations represented by a low number of the patient's sample; lack of a control group; lack of an accurate measurement of the glomerular filtration rate. However, these limitations are partially offset by the fact that the patients were evaluated prospectively, and with an adequate duration of the study. The duration of the observation allowed us to state that paricalcitol is a well-tolerated and an effective drug and moreover does not seem to affect renal function. Furthermore, in our study, there was frequent monitoring of various laboratory parameters, that are not always evaluated in other studies.
In conclusion, long-term treatment of SHPT after renal transplantation with low doses of paricalcitol was effective in reducing PTH levels with very few episodes of hypercalciuria and/or hypercalcemia not resulting in the definitive suspension of therapy. Renal function was stable throughout the study period, even in those patients who were taking cyclosporine. This finding suggests that we can not rule out a nephroprotective role of paricalcitol in patients at high risk of nephrotoxicity. All this makes the paricalcitol therapy effective and well tolerated.
